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MEASLES AND OUTBREAK RISK

Measles vaccination is often referred to as
a ‘best buy’ in public health, because of the
high case fatality rate associated with infec-
tion, alongside the existence of a safe and
inexpensive vaccine. The current WHO
recommendation is that all children have
access to two doses of the measles vaccine.' In
2011, countries in the WHO African region
adopted a measles elimination goal to be
reached by 2020. In the last decades, substan-
tial gains have been made in numbers of
cases and deaths averted. Yet, an important
feature of measles epidemiology is that large
outbreaks can occur following years of (appar-
ently) control. This phenom-
enon is known as a ‘posthoneymoon period’
outbreak.” The ‘honeymoon’ consists of the
period following vaccine introduction where
cases drop substantially. This ‘honeymoon’
is at risk of ending in an outbreak if vacci-
nation coverage is subsequently suboptimal.
Every year, children born into the population
that are left unvaccinated are also unlikely to
experience immunisation by natural infec-
tion, because measles incidence is low. These
children, thus, remain susceptible to measles,
and over the years, as children are born and
left unvaccinated, susceptible individuals
accumulate in the population, across the
range of ages reflecting cohorts born during
the low incidence years. Once the size of the
susceptible pool exceeds the threshold for
herd immunity (defined as the proportion
susceptible in the population exceeding 1/R
where R is the number of new infections per
susceptible individual in a completely suscep-
tible population, which may be as high as 20
for measless), a new outbreak can take hold,
and it will grow at a speed defined by the

successful

» After many years of very low measles incidence,
a measles outbreak began in the central region of
Madagascar in September 2018.

» The outbreak reached all 22 regions of the island,
causing nearly 1000 deaths, with more than 100000
cases reported.

» The magnitude of the outbreak, the age profile of
cases and the history of incidence and vaccination
in Madagascar align with a core expectation from
epidemiological theory, the concept of a ‘posthon-
eymoon period’ outbreak where large outbreaks
can occur following years of (apparently) successful
control.

» An emergent important public health challenge is
how to characterise the risk of post-honeymoon out-
breaks for measles and other vaccine preventable
infections, and how to learn from this outbreak to
build preparedness for future outbreak prevention
and response strategies.

» Madagascar’s experience indicates that investment
in relevant data streams (from case surveillance,
to vaccination deployment and serology) alongside
efforts to develop national capacity for integrative
analysis of such diverse data could help enable de-
ployment of timely targeted vaccination campaigns
to prevent such outcomes in the future.

effective reproductive number R,=R S where
S is the proportion of the population that is
susceptible.

THE CONTEXT OF THE OUTBREAK

Since 2004, the number of measles cases
reported in Madagascar had plummeted
from tens of thousands of annual cases to
fewer than 20 confirmed cases per year.* This
drop in cases followed a successful expansion
of the immunisation programme (figure 1A)
in which consistent (although low) routine
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A) Historic national data between 1980-2018
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B) Time course by region, 2018-2019 outbreak
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Historical context of measles in Madagascar and the recent outbreak (A) measles first dose vaccination coverage

estimates from UNICEF (y-axis, top) and measles incidence from who (y-axis, log scale, bottom) from 1980 to 2018 (x-axis),
showing a sharp decline in cases in 2005 with 10 or less cases in each years following 2005 until the start of the focal outbreak
in 2018 when more than 21 000 cases reported; (B) time series of suspected cases (y-axis) against time (indicated epidemic
week starting in 2018, thin vertical line shows the separation between 2018 and 2019) from the 2018 to 2019 line-list data in
each of the 22 regions, coloured by the timing of the peaks (orange is earliest, grey intermediate, and brown latest); dashed
vertical lines indicate the approximate timing of the three waves of vaccination (different districts were targeted in each wave,
see text); inset shows the regions of Madagascar coloured as for the time series (orange is the earliest peaks, grey intermediate

and brown the latest).

measles vaccination coverage (between 55% and 85%)
was combined with vaccination campaigns targeting ages
from 9 months to 14 years (in 2004) or 9 months to 4
years (in 2007, 2010, 2013, 2016).°> The combination of
low incidence and the potential for incomplete vacci-
nation coverage over a number of years suggested that
Madagascar might have a large susceptible population
distributed across a wide age range, yielding potential for
a wide age range, fast-growing outbreak.

THE SCALE, AGE RANGE AND EARLY GROWTH OF THE
OUTBREAK
In September 2018, a cluster of laboratory-confirmed
measles cases was detected via Madagascar’s national
febrile/rash surveillance system for measles and rubella,
whereby local health centres send samples taken from
suspected cases in to the national reference lab in Anta-
nanarivo.”® At that time, the positivity rate of measles
suspected cases reached 2.12% every year compared
with an average of 0.54% during the last previous 5years
(ranged from 0.22% to 0.95%). By October 2018,
increasing numbers of measles cases were detected by
the health system (figure 1B). Subsequently, over 100 000
suspected cases were reported, with 37% of the 2930
tested individuals being confirmed measles cases.® The
outbreak began on the highlands in the region of Anal-
amanga (province of Antananarivo) and spread to every
region in the country (online supplemental figure S1).
Typically, in the absence of vaccination, the average age
of measles infection ranges from 2 to 5 years. In the 2018-
2019 Madagascar outbreak, the average age of infection in
suspected cases was 9 years (and rates of laboratory confir-
mation did not vary over age, see online supplemental
text). Regionally, there was a significant positive correla-
tion between the average age of infection and vaccination
coverage in 2009 (figure 2A, p = 0.61,n = 22,p < 0.005).
Regions with higher vaccination coverage should have
smaller numbers of infected individuals, and, as a result,

encounters between susceptible individuals and infected
individuals in the years preceding the outbreak will also
have been rare. Unvaccinated (and unimmunised) indi-
viduals could thus remain susceptible forlongerin regions
with historically high vaccination rates, leading to pools
of older susceptible individuals and a higher average age
of infection (figure 2A). Following the logic of a ‘honey-
moon’ described above, the balance between immunisa-
tion achieved by vaccination, and reduced immunisation
resulting from declines in natural infection over the years
preceding the outbreak, might even be tilted such that
regions with higher vaccination coverage might also have
larger pools of susceptible individuals. This could allow
faster epidemic growth in these regions. Comparing the
early growth of the epidemic estimated using R, (or the
number of new infections per infectious individual®)
indicates that, indeed, the outbreak grew faster in some
regions with historically high levels of vaccine coverage
(figure 2B).

THE OUTBREAK RESPONSE

In October 2018, rapidly growing case numbers in the
Analamanga region (where the capital city of Antanana-
rivo is located) prompted deployment of a vaccination
campaign across a limited spatial extent (four health
districts of the urban community of Antananarivo)
targeting children up to 5 years of age. The history of
incidence (figure 1A) and the age profile of cases in the
first weeks further suggested that the age range at risk
might extend up to 15 years. However, the resources
necessary to deploy an outbreak response of the scale
indicated (national vaccination, reaching up to 15years
old) were lacking. Coordinating funds from across the
donor community (including the Measles and Rubella
Initiative, the African Development Bank Group, the
Central Emergency Response Fund, etc) took time, even
as the outbreak was progressing. Given these delays,
the decision was made to initially target for vaccination
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Figure 2 Outbreak characteristics. (A) Measles vaccination coverage at 5 years in each of the 22 regions estimated from
Madagascar’s 2009 Demographic and Health Survey (x-axis) plotted against (A) the median age distribution of cases (y-

axis) and (B) the R; of the outbreak in each region (y-axis). On both plots, regions with higher r_ are shaded from blue to red;
and these are also shown in the MAP, to indicate fastest early growth of the outbreak in central/norther regions. Two regions
(Androy and Atsimo Andrefana) have high r. despite low vaccination coverage (red points to the left of B). Regional connectivity
might be sufficiently low in these remote locations that even at low vaccination coverage, local extinction occurs, allowing
susceptible build-up, or vaccination coverage in 2009 might provide a poor proxy for changes over the intervening decade.

individuals up to 10 years of age, and 25 of the most urban
and highly connected districts (out of a total 114 districts
across the country); and then to follow-up as resources
could be mobilised. In all, the outbreak response included
three waves of vaccination (14-18 January 2019, 18-22
February 2019 and 25 March-5 April 2019) (figure 1B,
online supplemental figure SI1 and table S1), eventually
reaching all districts.

Three things determine the success of outbreak
response vaccination campaigns: (1) the coverage
achieved; (2) the timing of the campaign relative to
the time course of the epidemic’ and (3) the age range
targeted.’” The outbreak response aimed to achieve
high coverage, and was deployed as fast as possible
along lines shaped by the practical considerations
detailed above. Nevertheless, time series of suspected
cases suggest that in many regions, waves of vaccina-
tion occurred after susceptible depletion had started
to reduce spread (figure 1, online supplemental figure
S1). The decision was made to target children up to 10
years of age because of a lack of funds, which may have
missed a fraction of the susceptible population (online
supplemental figure S3, across the country 36% of cases
occurred in children aged over 10 years of age).

STRENGTHENING THE RESPONSE

Many lines of evidence suggest that Madagascar expe-
rienced a ‘posthoneymoon’ measles outbreak. An
obvious and critical public health question is whether
we can identify that a country is experiencing a
‘honeymoon period’. This would allow the public
health sector to anticipate, and perhaps even avert
the outbreak by laying the groundwork for vaccina-
tion campaigns, or outbreak response vaccination.
The experience of Madagascar underscores that there

are rich opportunities to leverage existing data to
this end. This outbreak reflects an important missed
opportunity—existing data could have been better
exploited to position human, financial and health
resources ahead of the response. First, data on vaccina-
tion coverage,” historical incidence® and local demog-
raphy11 can be combined with mathematical models
to define outbreak risk, building increased specificity
into existing approaches. Critically, such efforts should
occur in tandem with approaches to strengthen the
quality and spatial and temporal resolution of these
sources of information. Indeed, in 2017, analysis via
the WHO Measles Programmatic Risk Assessment
tool (which can be explored here'?), which integrates
spatially resolved indicator scores on population immu-
nity, surveillance quality and programme performance
in the last 3years had first suggested that the risk of an
outbreak was large, a concern amplified by various lines
of evidence suggesting generalised system weaknesses.
However, part of this system weakness was associated
with data quality issues, which complicated interpreting
the results and launching a response. Second, existing
convenience serological samples (eg, fever-rash surveil-
lance for which samples are already available) could be
leveraged to test for population immunity to measles.
This approach had been applied to existing fever-rash
surveillance in Madagascar, and did indeed suggest
important outbreak risk in Madagascar prior to 2018
outbreak,’ as a result of accumulation of susceptible
individuals resulting from a combination of low circu-
lation and incomplete vaccination coverage. However,
convenience samples of this type are generally spatially
variable, and thus may be non-representative. Thus,
third, small-scale targeted serological surveys designed
to be representative and requiring novel sample
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collection to ground-truth local population immunity
(eg, as currently done in Madagascar to evaluate the
HIV situation among specific groups) could provide an
important further line of evidence. Such surveys could
either be deployed in particular scenarios (eg, towards
suspected regions of vulnerability), or routinely (eg,
associated with ‘vaccination weeks’, brief campaigns
occurring biannually and an important part of the
vaccine delivery system in Madagascar’). Mathematical
models suggest that obtaining data on the immunity
status of even a small fraction of the population could
yield critical information as to outbreak risk,"” noting,
however, that the added value of a serological survey
relative to existing information should be seriously
evaluated." Finally, the themes addressed so far focus
on approaches to anticipating and thus mitigating the
outbreak by ensuring population immunity. Another
important aspect is in readiness for outbreak response.
On the logistical side, an important barrier to the
response was lack of coordination across core partners.
In the wake of both this outbreak and the recent plague
outbreak, Madagascar has taken steps to address this
with the development of a special committee including
governmental, non-governmental and technical part-
ners with remit to manage outbreak responses.

MEASLES CONTROL IN MADAGASCAR: NEXT STEPS
Madagascar experienced up to a decade of low measles
circulation prior to this outbreak (figure 1). Most citiesand
towns in Madagascar are below the ‘Critical Community
Size’—a threshold population size that measles requires
to persist without stochastic extinction'>—making local
measles extinction likely, particularly with growing vacci-
nation coverage (figure 1). These features make measles
elimination in Madagascar seem relatively tractable.
Furthermore, as an island, risks of measles reintroduction
following elimination are also reduced.'® Beyond these
general features, the current context may be particularly
propitious for measles elimination. Following the 2018-
2019 measles outbreak, population immunity will be high
(since so many people were infected, and with the large-
scale vaccine catch up efforts). The population is also
likely to be sensitised to the risks of measles given the
high burden recently imposed. It could be a propitious
time to add a second dose of measles-containing vaccine
to Madagascar’s childhood immunisation schedule (as
suggested by WHO").

However, it is increasingly recognised that effective
control or elimination efforts need community support,
particularly for communities whose experience of vacci-
nation efforts may otherwise seem divorced from the
realities of their needs (eg, following polio elimination
efforts). Given this context, expanding local capacity
to integrate available data streams and generate high-
resolution maps of risk will make it possible to deploy
much more effectively vaccination efforts by targeting
specific regions and/or age groups rather than as

homogeneous national campaigns.'” As well as reducing
costs, such targeting could limit repeated revaccination
of already immunised individuals, and are likely be easier
to communicate to communities. Developing national
capacity for such analyses will have benefits for pathogens
beyond measles, and is an important direction for future
investment and innovation in Madagascar. The founda-
tions for this are being laid, as currently evidenced by inte-
gration of public health data-streams within the District
Health Information System 2, to innovation emerging
from academic and non-governmental organisations
partners in Madagascar like the Malagasy-led develop-
ment of a COVID-19 dashboard (www.covidl9mg.org).
Although there have been large global and national gains
in measles control and elimination, delayed vaccination
campaigns, interrupted routine services and downscaling
of laboratory/virological surveillance, especially in the
context of the current COVID-19 pandemic, make devel-
oping strategies to strengthen prediction of outbreaks
and identify optimal strategies to combat them a policy

priority.
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